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! 1. INTRODUCTION 

( 

[ 

Since the end of the  19 th  century, using the chemical 
c;iidaLion energy of fl-issil f u e l s  has been considered i n  order t o  
proclucs e l e c t r i c a l  energy d i r e c t l y  from f u e l  c e l l s .  

e spec ia l ly  a carbon containing gas has lead engineers t o  be in t e re s t ed  
for a long time i n  molten carbonates as an e lec t ro ly te .  
Tiorks of Osttrald (1) then those of Baur ( 2 )  and his eo-workers were I 

concerned rrith c e l l s  using gases which contain hydrogen and carbon I 

moiloxide. 

The f a c t  that a c e l l  i s  more e a s i l y  supplied wi th  a gas 

The first 

Davtyan ( 3 )  then Broers and Ketelaar ( 4 )  recommended a 

Salvadori  (8) have a l s o  recommended the use of molten carbonates 
i n  f u e l  c e l l s .  

las t  feu years, e spec ia l ly  by Broers, i n  the performance of molten 
carbonate c e l l s  by adding carbon dioxide t o  oxygen feed. 

molten e l e c t r o l y t e  f ixed  i n  a porous s o l i d  matrix. Gorin (5) ,  
J u s t i  (6 )  and more recenkly many others such as H a r t  (7 )  and d 

f 

An important improvement has been brought forward these 

2. USE OF ATif l3iXCTROUTE BUFFER 

Several goals of OUT research group have been aimed a t  
7mderstanding the mechanism of  exchange i n  the molten carbonates 
and the functioning of oxygen and hydrogen electrodes.  

The carbonate solvent  i s  e n t i r e l y  dissociated i n t o  the  
anion C03'- and cat ions and t h e  anion Cos2 i s  f u r t h e r  dissociated i' according to  the t qtlilibrium : 

I 
c032- C02 + 02- [11 

The system C032-/C02 can thus be considered an acid-base 
syszen assording t o  Lux ( 9 )  and Flood and Fcrland (10) wi th  exchange 
of  the 0 ions.  
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To the equilibrium [11 there  corresponds an equilibyium . 
The sol-ubili ty of C02 i n  carbonates has been measured 

c o r s ~ a n t  K = CO2- Pco2 that Dubois (11) has found equal t o  10 

I n  these formulas the  pressures are expressed i n  atmospheres 

A more recent  work of Busson and Palons (12) on the 

and the concentrations of so lu t ions  i n  molar i t ies .  

po ten t i a l  a t  zero current  of the  oxygen e lec t rode  i n  t h e  carbonates 
has ma6e i t  possible  t o  e s t a b l i s h  with precis ion the  constant of 
equilibrium t o  be K = 6. 

@I2-, the  negative logarithm of t h e  concentration o f  ions 02'. 

carbonates produces some O2 ions.  

p 

\ 
A so lu t ion  of molten carbonates can be defined by the  

The funct ion of the oxygen electrode i n  the  molten 

)i O2 + 4e z! 2 02- 

I n  t h e  v i c i n i t y  of t he  oxygen electrode,  t h e  concentration 
of  0'- ions increases  and t h i s  increase,  inasmuch as i t  i s  not  

wNch can be ca l l ed  a c i d i t y  polar izat ion.  

t he  production of O2 
the  solvent ,  which as the e f f e c t  of maintaining the p 0 2  
value. This i s  a buf'fer e f f e c t .  T h i s  e f f e c t  may be v isua l ized  
thrcugh FIG. 1. The diagram represents  po ten t i a l s  of the oxygen 
and hydrogen e lec t rodes  as a functioaTof p 0 ~  . 
AC arld BD are p a r a l l e l  and of slope 
current  i s  the  thermodynamic c e l l  
If the  hydrcgen e lec t rode  operates at p 0 2  = 0 and the  oxygen 

the  cverpc ten t ia l  of a c i d i t y  polar iza t ion  i s  AE-A 600~. 
overpc ten t ia l  i s  a t  the  m a x i m u m  of approximately 83 mV x 6 = 500 mV. 

The Po2-, of the  e l e c t r o l y t e  of t he  c e l l  can a l s o  vary 
a t  the f u e l  e lec t rode  through a contribc.tion of CO2 or  o f  o ther  
products or where the  pressure of C 0 2  i n  t h e  atmosphere rises 
abcve the  e l ec t ro ly t e .  

rrhich operates i n  a l l  circumstances, t o  maintain the  pO" of the 
e l e c t r c l y t e  constant on a l l  par t s '  o f  'the c e l l .  

! ccwter-balanced by d i f fus ion ,  produces a polar iza t ion  of  t he  c e l l  

To br ing  CQ2 t o  t he  oxygen electrode, i s  t o  counter-balance 
through the  contr ibut ion of t he  ac id  par t  of 

a t  a high 

The s t r a i g h t  l i n e s  \, ' 
( 

The poten t ia l  a t  zero 
p b t e n t i a l  equal t o  AB and CD. 

\ electroue at p0' 6, the po ten t i a l  of  the c e l l  i s  reduced t o  E 3  and 
This 

It i s  thus very important, i n  order  t o  obtain a c e l l  
?\ 

> 
,\ 
I 

/ 
'\ 
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Through assoc ia t ion  with the phenomena observed i n  
aquecus sol,utions, ue shall use weak ac id  systems r e l a t i v e  t o  
the  solvent .  

The o r t h o s i l i c a t e  me tas i l i ca t e  system f i t s  very well:  
ZSi o ~ ~ -  = 2si 03 2- + 02- 

The same app l i e s  t o  o ther  s a l t s  exchanging t h e  02- 

Our research has brought us t o  a much more simple and  

io;!. 

i n d u s t r i a l l y  p ro f i t ab le  system. It i s  the  water system. 

3 .  WATER I N  MOLTEN CARBONATES 

Water has t h e  proper t ies  of a weak ac id  i n  molten carbonates. 

The proper t ies  of water may be summarized by t h e  two 
equilibrium react ions : 

20H- + COz Hz0 + cos2- c3 1 
20H- Hz0 + 0'- C4 3 
The constants  Kgl&nc! KB a r e  arranged t o  correspond 

respec t ive ly  t o  these equi  ibria according t o  the  r e l a t i o n s :  

C ' - = K  'C02 ' OH A 
'HzO 

'HzO '0'- = KB 
5 H -  

c5 3 

c6 1 

These r e l a t i o n s  imply that t h e  chemical po ten t i a l  of t he  

COH- << ccog- [7 1 
I n  an ac id  environment, t he  pressure of COe determines 

the  equilibrium po ten t i a l ,  K being the equilibrium constant 111. 

so lvent  i s  constant,  that i s  

C8 1 
I n  t h e  presence of a water system, the  po ten t i a l  of the  

oxygen electrode i s  given by t h e  r e l a t i o n :  

/ 

f 
I' 

b' 

i 
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, 
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By varing the OH- concentration and the  partial pressures 
of iiater and oxygen i n  the-atmosphere i n  equilibrium wi th  the molten 
carbonates, ire have shown that p KB i s  c l o s e . t o  5. We conclude t h a t  
p KA = p K - p\KB = 1 . 5  (by taking the reference s t a t e s  of gases a t  
a pressure of one atmosphere). 

hydrogen electrode.  On the oxygen e lec t rode  the  contr ibut ion of water 
vapor has the  e f f ec t  of maintaining the bas i c  e l e c t r o l y t e  a t  a 
determined p O2 (below 6 .2) .  

There i s  a ccnstant contr ibut ion of water vapor a t  the 

4. APPLICATION TO FUEX CELLS 

The propert ies  of  a water systen: i n  carbonates have 
important consequences on the  functioning o f  c e l l s .  They allow a 
reduction of the a c i d i t y  polar izat ion as does the carbon dioxide 
fed  i i i t h  oxygen. 
use of carbon dioxide cons t i tu tes  a heavy burden from an i n d u s t r i a l  
point oT view whereas the use o f  water would be much easier and 
cheaper. 

fed on oxygen v i thout  any addi t ion,  w i t h  carbon dioxide and with 
iiater vapor, Ire were able t o  r ea l i ze  that  the  performances due t o  
the  addi t ion  of water are t h e  bes t  (Fig.  2 ) .  

of ~ i a t e r  vapor (po ten t i a l  of zero current  near  1 v o l t  i n s t ead  of 0.7 
v o l t )  but the  current  at the  same c e l l  po ten t i a l  i s  very superior  tc 
that cbtained i r i th  the use of GO2. T h i s  phenomenon seems t o  be 
comparable with the  increase of f lu idness  of molten carbonates i n  
the presecce of water. 

Final ly ,  the ac t ion  of water as a weak ac id  allows the  use 
of f u e l  gas containing carbon dioxide with an hydrogen electrode of 
porous mater ia l .  Indeed, l e t  us consider a c e l l  funct ioning with a 
water pressure of 0 .3  a t m ,  i n  an hydroxyl ion  environment. 

equilibrium. Consequently, any f u e l  gas containing a weaker carbon 
dioxLde2partial  pressure may be used without the r i s k  of modifying 
the p 0 cf the e l ec t ro ly t e .  

But as it was demonstrated by H a r t  (13): t he  

I n  comparing the  propert ies  of similar elements of a c e l l  

The polar iza t ion  i s  not only diminished by t h e  contr ibut ion 

Equation C51 gives 0.015 atrn as a value of p CO2 i n  

5. MAKLNG OF PROTOTYPES 

The preceding s tudies  have f i m t  lead t o  tests on elements 

We a r e  present ly  constructing severa l  prototypes of a power 

of c e l l s  cf a few watts. 

c l c se  t o  1 h r  iih?Lch vary i n  t h e i r  geometric conception ( v e r t i c a l  or 
hcr izonta l  e lectrodes)  but have the same electrochemical conception. 



Tne materials used a re  s t e e l  (25% Cr, 20% Ni) anc dense 
alumina for the containers,  th in  sheets of palladium (50 microns) , 

The prototypes w i l l  give r i s e  t o  a technico-economical 
s tudy  aimed a t  searching f o r  the place of this system i n  the 
i x i u s t r i a l  production o f  e l e c t r i c a l  energy. 
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- Fig2  THERMODYNAMIC EQUILIBRIUM 
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Fig. ?. -HORIZONTAL ELECTRODES PROTOTYPE 
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Fig . 4. -WITICAL, ELECTRODE PROTOTYPE 
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